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I. I N T R O  D T J C T I O H .
1. Statement of the Problem.
2. Review of the literature.
1I . IHTRODTJCTIOB•
1. Statement of the Problem.
The problem of determining the decree of ionization 
of a strong electrolyte over a fairly large range of concen­
tration is one of long standing and in spite of the attempts 
of many investigators, no satisfactory answer has yet been 
secured. The methods which may be used with a fair degree of 
accuracy for dilute solutions very quickly becomes unreliable 
as the concentration increases, and as a result it is only for 
the more dilute solutions of a strong electrolyte that anything 
other than a qualitative knowledge of the composition of the 
system is at present possible. Theoretical treatment of this 
type of solution is therefore at a standstill until the range 
for accurate determination of the degree of ionization is 
extended. The present investigation has been undertaken for 
the purpose of discovering, if possible, a means by which the 
conductance method of calculating degree of ionization might 
be extended to solutions containing as high as one equivalent 
of strong electrolyte per litre.
Measurements of the freezing point lowering and the
. "*s
mathematical relation connecting the freezing point lowering of 
a solution with the mole fraction of the solute afford one 
method of getting the degree of ionization of an electrolyte. 
Since the relation is only valid for solutions of constant 
thermodynamic environment, degrees of ionization calculated in 
this way can not be expected to be exact over more than the
2very small concentration range in whioh this condition is 
fulfilled. As these limits include only the most dilute 
solutions, the freezing point method is at once eliminated 
as a possibility for use with solutions as concentrated as one 
equivalent per litre. Measurements of any of the other 
oolligative properties are open to the same objection since 
these properties are thermodynamically connected with one 
another, and their mathematical relations to the concentration 
always involve the assumption of a solution of constant 
thermodynamic environment. It is also desirable to be able 
to obtain the degree of ionization in a way independent of the 
oolligative property relations so that these may subsequently 
be used in the study of the solutions.
The only available method remaining and the one with 
which this investigation is concerned is the original con­
ductance method of Arrhenius. Ordinarily in this method the 
degree of ionization is taken as the ratio, A. of the equiv­
alent conductance of the salt at the concentration in question 
to the equivalent conductance at infinite dilution. The most 
important assumption involved in the direct use of this ratio 
is that the ions travel through the solution just as fast as 
they do through the pure solvent and that the decrease in 
equivalent conductance with increasing concentration is due 
entirely to the presence of fewer ions. As the concentration 
of the salt increases, however, the viscosity of the solution 
and consequently also the resistance which it offers to the 
motion of the ions, changes. The extent of the viscosity 
change which may occur in solutions containing only 0.1 mole of
3
salt per litre is indicated in Table iT
<
Table I.
Relative Viscosities of Some 0.1 aqueous Solutions.
alt CsN03 LiN03 Ha OH Ha* HPO^ MaH2P0* Ua3?04
0° 18° 18° 18° 18° 18°
\ 0.98 1.03 1.0£5 1.07 1.03 1. 08
It is thus apparent that before the ratio can be 
used to obtain anything more than qualitative results, except 
in very dilute solutions the conductance must first be 
corrected for the influence of viscosity. In order to do this, 
some function connecting viscosity with conductivity must be 
established and, if it is to be of any practical value, it is 
evident that this function must be a general one involving at 
most not more than two empirical constants and these constants 
must moreover be independent of, or readily calculable from, 
the nature of the medium through which the ions move. It was 
the purpose of this investigation to ascertain whether such a 
function could be discovered.
^Washburn, J. Am. Chem. Soc. 33, 1463 (1911).
42. Review of the Literature.
Early investigations concerning viscosity and con­
ductance showed little more than the fact that there was un­
doubtedly a close relation between these two properties of an 
electrolytic solution. Attempts were made to formulate 
results mathematically but without much success. Thus 
Wiedemann; made measurements of the conductivity and viscosity 
of solutions of electrolytes and concluded that the conductivity 
was directly proportional to the concentration and inversely 
proportional to the viscosity.
(irotian, twenty years later, made a similar investiga­
tion and confirmed the general parallelism between conductivity 
and viscosity but did not find strict proportionality. He also 
noticed that the temperature coefficients of both conductivity 
and viscosity had the same general trend and often had nearly 
identical values.
Stephan drew similar conclusions regarding dilute 
solutions of salts, the viscosity of which he had altered by the 
addition of alcohol.
Arrhenius*made an extensive study of solutions contain 
ing both electrolytes and non-electrolytes but he failed to 
establish any simple mathematical relation between the con­
ductivity and viscosity of these solutions.
Many other investigations of a similar character have 
been carried out and have served the same general purpose of
/. Pogg. Ann. 99, 177 (1856).
2. Wied. Ann. 160, 238 *1877); 8, 259, (1879).
3. Wied. Ann. 17, 673 (1882).
*2. physik. Ohem. 1, 631 (1887)* 9, *87 (1892).
5showing the qualitative relation between viscosity and oon-
<
duotivity but have gone no further.
Ostwaldwas among the first to actually use a vis­
cosity correction for conductivity data. After showing that 
the Mass Action law was obeyed by a large number of organic 
acids, he was confronted with the problem of explaining the 
deviations which occurred with concentrated solutions of 
butyric acid. Part of the trouble he attributed to the volume 
occupied by the acid itself which would be expected to cause 
deviations from the Mass Action law in a way analogous to the 
deviations from the perfect Gas law caused by the volume of the 
molecules in a compressed gaseous system. The rest of the 
trouble he considered was due to the change in the mobility of 
the ions. To allow for this effect, Ostwald assumed that the 
change in the mobility of the ions is directly proportional to 
the viscosity and consequently that the degree of ionization is 
given by the expression ar-^% here y is the decree of ioni­
zation and ^ w " the viscosity of the solution and of pure 
water respectively.
This formula for the degree of ionization has been 
frequently used and various justifications for it have been 
advanced. If Stokes' law can be applied to the movement of an 
ion, then the relation may be derived mathematically. This 
has been done by Sutherland as follows. According to Stokes' 
law* the velocity of a small partiole through a viscous medium 
under the influence of a constant impelling force is constant
s.Z. physik. Ohem. 2 282 <1888).
6. Phil. Mag. (6 ) 3, 161 (1902).
6
and is directly proportional to the impelling foroe and in­
versely proportional to the viscosity of the medium and to the 
radius of the particle* The conditions for the validity of 
the law are that the particle shall be a sphere and that its 
dimensions shall be large in comparison with those of the 
particles making up the medium. Expressed mathematically, 
Stokes* Law is
* - * 1‘ 
where u is the velocity of the particle, is the impelling
foroe, r is the radius of the particle and v is the viscosity 
of the medium. Applying the law to the case of the ions in a 
solution of a univalent salt, let and //2 be the velocities 
of the positive and negative ions, and and /i be their radii. 
If now the drop in potential between two electrodes one square 
centimetre in area and one centimetre apart is £ , and <s is the 
charge carried by an ion, then the impelling force on each ion 
will be e e = f  . Substituting the value of F from equation 1
in this relation,
The number of each kind of ion present between the electrodes is 
/o'3/??r where mis the number of molecules per litre and # is 
the degree of ionisation. The current C , which will flow 
through the electrolyte is
Substituting values for u, and from equations Z avc/ 2. a.
e E * k U'jf r,
e E * A uz r?
C * io3 m v c (ut + u2^
7According to Ohm's Law-^-'-|- and if c is the current flowing 
through a cross section of 1 sq. cm., then becomes the specif 
io resistance and the specific conductance. Representing 
specific conductance by L
L - 3ref/  J_  , j_  \( r> rz J
and A *. J- A 3.( r' * J
where A is the molecular conductivity.
from equation 3 it is obvious that if at infinite 
dilution an electrolyte is considered to be completely ionised, 
the ratio, -4_ , of the molecular conductivity at some f?iven
concentration to the molecular conductivity at infinite 
dilution will have the value
4- * Y&-
and  j r  -■ i - 2 -  A--
A c d.
Bousfield and Lowry7 in their study of the conductance 
of sodium hydroxide solutions, have used equation 4 to calculate 
the degree of ionization. Although they realised that it was 
not a strictly accurate relation yet it seemed to be the best 
available and probably gave a much closer approximation to the 
truth than the unmodified conductivity ratio.. A. A. Noyes8 has 
also employed this relation to solutions up to half normal 
concentration.
7-Phil. Trans. Roy. Soo. London (A) 204, 256 (1905).
6.J. Am. Chem. Soc. 34, 454, (1912).
8.
Referring again to equation 3, at infinite dilution ?=/
and
According to this equation the product, ,of the equivalent 
conductance at infinite dilution of a binary electrolyte and 
the viscosity of the medium in which the limiting conductance 
is determined should be a constant. This is the relation 
which Walden* found to hold approximately for the conductance 
of the electrolyte 106 ES ) NI in a great variety of organic 
solvents. If the product does not remain constant the 
conclusion must be that the dimension of the ions are changing 
provided, of course, that Stokes’ Law is obeyed. Thus from 
conductance and viscosity measurements of LiHOj in mixtures
iOof pyridine and water, hartley, Thomas and Applebey claim to 
be able to follow the change in the size of the solvent 
atmosphere surrounding the ions as the percentage of pyridine 
in the solution is increased.
According to Stokes’ Law, the velocity of an ion is
6inversely proportional to its radius. Sutherland, commenting
on this, remarks that such is not a fact since the equivalent
conductances boar no such relation to the equivalent weights
of the ions and so concludes that the conductance ratio must
be still more modified before it can pive the true degree of
ionization. He proposes the equation
y . _4_ ZZ- J- «*”•'I. % *-
S Z. physik Ohera. 55, 246 (1906).
J. Chem. Soc. 93, 538 (1908)
____  * Phil. Mag. (6) 3, 161 (1902)__________________
9.
where x is a function of the dielectric constants of the
//median and the solute. Bousfield also makes an additional 
correction hut for a different reason. He assumes that the 
equivalent conductances of the ions are not inversely pro­
portional to their equivalent weights because in solution they 
are hydrated and so he makes x in Sutherland's equation (p-f&fs) 
a function of the hydration of the ions. He also takes van't 
Hoff’s Dilution law as an exact representation of the facts 
and from equation 5 and this relation and the conductivity data 
of Kohlrausoh for KOI he determines the form of the hydration 
function. There are, however, ample theoretical grounds for 
discarding the van't Hoff Dilution Law as a general relation 
as will be shown below.
Stokes* law, which has been assumed by Sutherland, 
by Bousfield and by others, can hardly be regarded as a safe 
basis from which to proceed very far towards obtaining an 
accurate method for applying the viscosity correction and in 
view of the complications into which these investigators have 
been led, a satisfactory method for the determination of the 
degree of ionization can scarcely be expected to be found in 
this direction. As has been already mentioned, Stokes' law 
rests on several conditions which cannot be said with any 
certainty to hold for the case of an ion in solution. There 
is no evidence that an ion as it exists in a solution is a 
sphere nor that it is large enough in comparison with the 
molecules of the medium to make the law applicable. Millikan*
// 3. physik. Ghem. 53, 257 (1905); Phil. Trans. Roy.
Soc. London (A) 206t 101 (1906).
___________ /g- Physio Rev. 32, 266 >1911).________________________
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in determining the value of the charge of the electron by 
means of the velocity of charged oil drops under the influence 
of gravity and of an electric field, has noted decided devi­
ations from stokes* law and has had to modify the law in order 
to use it for the calculation of the elementary charge.
Kraus and Bray have proposed the relation
l£l)L , D(cv)'n+ l< 6.
between conductivity and concentration of an electrolyte and 
have shown that it may be made to fit a very wide range of 
conductivity data. Kraus* in seeking the proper way for 
applying a viscosity correction, takes as his start the above 
equation and considers that any method of correction which 
brings the conductance data into harmony with it is thereby 
Justified. As the concentration increases, the term K in 
equation 6 becomes negligible in comparison with Dfcs)m 
and equation 6 reduces to
(erfx D(crf °r (crf_ * D 7.
C (/ ~ V )
which is Storoh's equation. Substituting -A. for , equation 
7 becomes
( C _ ± L  = o  4o n~ '
C ( 40- A )
unc/ n  / oy  (C  A) = / o f  C ( 4a -  A )  +  & ■
?rom equation 8 it is seen that if this is a true relation, 
values of lo E(c/i)when plotted against values of logc^.-^j
/s. J. Am. Ohem. Soc. 35, 1315 (1913).
/-? J. Am. Ohem. Soc. 36, 35 (1914).
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will give a straight line* For the more concentrated solutions 
if conductances are not corrected for viscosity, no straight 
line results from this plot. With certain salts which cause 
a decrease in the viscosity of the solution, if the conductivity 
data he corrected in direct proportion to the viscosity the 
linear relation is then found to hold. With other salts, 
however, the plot is still not a straight line. lithium 
Chloride is cited as an example of a salt which greatly 
increases the viscosity and in this case Kraus shows that if 
the viscosity correction he applied to the lithium ion alone 
the data then satisfy equation 8. He attempts to justify the 
procedure hy supposing that the lithium ion is very large and 
that the change in the mobility experienced hy the small 
chloride ion is negligible compared to that of the lithium ion. 
Quoting from Kraus' paper, ”In the case of lithium chloride 
for example, the viscosity change is due to the presence of very 
large neutral molecules of the salt and, probably, also to
iflarge lithium ions. How Washburn has shown that the lithium 
ion is much more highly hydrated than the chloride ion. The 
lithium ion will, therefore, experience much greater opposition 
to its motion than the relatively small chloride ion. If the 
difference in the size of the ions is prreat enough, the small 
ion will, in the limit, experience no change whatever in resist­
ance to motion, while the larger ion will experience an 
increased resistance which is directly proportional to the
fluidity change”.
is. J. Am. Ohem. Soc. 33, 1461 (1911).
12.
Johnston*found, while looking for a function connecting 
the change of equivalent conductance at infinite dilution with 
temperature which could he used for interpolation, that when 
values of /<?y a„were plotted against values of / ^ /  (fluid it; ) 
in every ease, where the data were available, a straight line 
resulted. This leads to the conclusion that for changes of 
viscosity due to temperature change, the conductivity is 
related to the viscosity, or better, to the fluidity by the 
exponential law
/!.- ' 9.
To get the conductances of the different ions, Johnston 
started with the a . values of KC1 at 18° and 100°, the known 
transference number, 0.497 of the potassium ion in dilute 
solutions of KOI at 18° and the assumption that at 100° this 
transference number becomes 0.500. Jahn7observed that all 
transference numbers approach 0.5 as the temperature rises.
The conductances of the potassium ion at 18° and 100° were 
thus obtained. By plotting the logarithms of these two values 
against the logarithms of the fluidities of water at the two 
temperatures, values were interpolated for the conductances at 
the other temperatures. From this start, making use of 
Kohlrausch's principle of the independent migration of the ions, 
the equivalent conductances of the positive ions of the chlorides 
and of the negative ions of the potassium salts were obtained by
J. Am. Ohem. 3oe. 31, 1010 (1909).
/y Z. physik. Chem. 58, 645 (1904).
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simple subtraction from the proper /i0 values. Proceeding in 
this way, a table was filled out containing the conductances at 
eight temperatures between 0° and 156° inclusive, of all the ions 
resulting from the salts for which conductivity data were avail­
able. With each series of conductances of an ion at the various 
temperatures, when the logarithms of these values were plotted 
against the fluidities, the points always indicated a linear 
relation. The best straight line was in each case run through 
the points and the slope determined. The value of the slope 
gives the value of the exponent in equation 9 for the ion in 
question. The various ions investigated and the corresponding 
value of the exponent are given in the following table
Table II.
Yalues of the exponent m, for various ions, for changes in 
fluidity due to the effect of temperature.
K ha UH, Ag ^Ba #Ga Cl NO* OeEsOz &S0+ &G,
0.889 0.97 0.891 0.949 0.986 1.008 0.88 0.807 1.008 0.944 0.931
As evidence for the general applicability of equation 9, Johnston 
called attention to the data obtained by Dutoit and Duperthius'* 
on the conductance at zero concentration of sodium iodide at 
various temperatures in a number of organic solvents. In 
every case the exponential function was found to hold and as 
with salts in water, the value of the exponent did not differ 
greatly from unity. The following table gives the values of 
the exponent for the different solvents:-
/e J. chim. phy. 6, 729 \1908)
14.
Table III.
Values of the exponent m, for Ha I in various organic solvents 
for fluidity changes due to temperature.
Solvent m
Hthyl Alcohol 0.935
Isopropyl Alcohol 0.974
Isobutyl Alcohol 0.955
Isoamyl Alcohol 0.806
Acetone 1.086
Pyrid ine 0.99
Green*studied the effect of the addition of sucrose on 
the conductivity of lithium Chloride. His method of procedure 
was to make up stock solutions in which the ratio of lithium 
chloride to sucrose had the values 0.05, 0.5, 5.0 and infinity. 
i?rom each stock solution, by diluting, a series of solutions 
resulted in which the fluidity increased but the ratio of 
sucrose to salt remained constant. The conductivity and 
fluidity of each solution was measured. The changes in the 
conductivity as the concentrations change cannot, however, be 
attributed to changing fluidity alone since the decreasing 
concentration of the salt causes increasing equivalent 
conductance. To obtain conductance values which could be 
compared with the fluidity and be free from the influence of 
changing degree of ionization, the equivalent conductance in 
each series whioh corresponded to a certain value of the fluidity 
was plotted against the ratio of lithium chloride to the sucrose 
in the solution. Hy extrapolation to zero value for the ratio, 
the limiting value of the conductance is obtained for zero
19 J. Chem. Son. 93, 2049 (1908).
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concentration of the salt and a definite concentration of the 
sugar. As many such values as are desired can in this way 
be obtained. Those determined by Green are given in Table IY.
Table IV,
Extrapolation of the Conductivities of Mixtures of Sucrose and Lithium Chloride to the 
ratio Li Cl _ = 0
Sucrose ~ #  "
Moles of 
sucrose per 
litre soln.
Fluidity in
Absolute
Units.
Equiv.
Cond.
/L - ^r /v - °C
Equiv.
Cond.
Equiv.
Cond.
Equiv.
Cond.
Equiv.
Cond. A.f d°fo-7 A
0 111.67 114.0 1.37
0. 02 109.75 94. 6 99. 7 107.5 111.2 111.84 1.019 4.169 1.37
0.05 107.00 87.0 93. 75 102.5 107.85 108.85 1.017 4.132 1.36
0.1 102.40 79.15 86.15 96.0 102.9 104.15 1.017 4.078 1.36
0.2 93.42 69.0 75. 6 86.1 94.15 95.80 1. 025 4. 000 1.36
0.4 76.43 54.85 61.5 71.45 79.5 81.05 1.060 3. 895 1. 35
0. 6 61.06 42.73 50.25 59.3 67.1 68.67 1. 125 3.862 1.39
0.8 47.51 32.55 40. 60 49.1 55.6 56.85 1.197 3.811 1. 44
1.0 35.91 24.15 32.25 40. 20 45.5 46.62 1.298 3.802
1.2 26.28 17.41 25.15 32.30 36.54 37.38 1.422 3.793
1.4 18.57 12.48 19.15 25.45 28.83 29.50 1.588 3.815
1.6 12.54 8.86 14. 20 19.50 22.20 22.72 1.812 3.870
1.8 8.07 10. 08 14.45 16.45 16. 83 2. 099 3.920
2.0 4.826 6.91 10. 35 11.77 12. 02 2.490 3.993
Green concluded that the values were proportional 
to the 0.7th power of the fluidity. The range of fluidity 
over Dtiich he worked is very much greater than what would ever 
he met with in the study of solutions of electrolytes up to a 
concentration of one mole per litre. The addition of 0.4 
mole of sucrose per litre causes as great a change in fluidity 
as the addition of 1.5 moles of lithium chloride and the 
viscosity effect of this salt is larger than is the case with 
other salts. Washbnrrf has plotted the logarithms of the first 
six conductance values in Table IV against the corresponding 
logarithms of the fluidities and finds that a line results which 
has the slope 0.94. This result means that for a change of 
about 35 per cent, in the fluidity caused by the addition of the 
non-electrolyte, sucrose, the relation between conductivity and 
fluidity is again the simple exponential function (equation 9) 
and as before the value of the exponent is close to unity.
For moderate changes in fluidity, the evidence seemed therefore 
to point to the conclusion that the effect of viscosity on the 
ionic mobility is always the same no matter how the viscosity 
change is brought about, and that the general law connecting 
conductivity and fluidity is
4. * *fm
On the strength of this evidence Washburn'^has proposed the above 
relation as a basis for the viscosity correction for the
/s J. Am. Chem. Soc. 33, 1461 (1911)
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calculation of the cl agree of ionization of univalent salts up 
to concentrations of one equivalent per litre.
To further test the applicability of the exponential 
function for making viscosity corrections, the present 
investigation has been undertaken. For this purpose, the a „ 
values for the three salts KOI, LiOl and CsCl have been deter­
mined at the temperatures 0° and 25° in pure water and in three 
cone on trat ions of raffinose. The same has been done in 
solutions of methyl alcohol at such concentrations as to produce 
the same decrease in the activity of the water as was caused 
by the raffinose. The viscosities of the methyl alcohol 
solutions have also been measured. The viscosities of the 
raffinose solutions were measured by Washburn and Williams*/
In this way data have been obtained which will show to what 
extent the assumption is justifiable that the effect of 
viscosity variation whether caused by changes of concentration 
or by changes of temperature is always identical. Raffinose 
has been chosen as a non-electrolyte because of its stability 
and the high state of purity in which it can be prepared and 
also because of the fact that a small concentration of it causes 
a large increase in viscosity. Thus a wide fluidity range is 
available without reducing very much the active mass of the water 
in the medium. Methyl alcohol, on the other hand, enables one 
to cause the same decrease in the active mass of the water 
without greatly decreasing the fluidity.
io J. Am. Chem. Soc. 35, 737 (1913)
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II. Methods of Experimentation.
1. Purification of Materials.
Water.
The water used was obtained by redistilling 
distilled water from an alkaline permanganate solution in a 
special still of the type described by Eoyes and Coolidge. it 
had an average conductivity of about 0.6 x 10"tf reciprocal ohms.
Iffthyl Aloohol.
ninety-five per cent, alcohol was refluxed for 
four or five hours several times over lime, a little potassium 
hydroxide being added to polymerise the aldehydes. It was then 
distilled from lime and finally redistilled. When added to 
conductivity water it did not change the conductance appreciably.
Methyl Alcohol.
A very pure grade of methyl alcohol provided by 
The Woods Products Company, Buffalo, B.Y. was used. It was 
refluxed with a little potassium hydroxide and distilled from 
metallic calcium however, and then redistilled in a quartz 
distillation flask and kept in quartz vessels.
Raffinose.
Kahlbaum's raffinose was placed in a quartz dish 
and covered with pure ethyl alcohol. The raffinose and alcohol 
were then heated over a water-bath till the former was melted 
and formed a heavy syrup at the bottom of the dish.
Conductivity water was next run into the alcohol and the mixture 
stirred till the syrup was completely dissolved. The hot 
solution was filtered at once through a hard filter paper until
20
it was perfectly clear and free from shreds and particles. 
Treated in this way it was always possible, on allowing the 
solution to stand sene tine, to get raffinose to separate out 
in beautiful crystals. The crystals were separated from the 
syrup and dried by centrifuging in platinum crucibles, and then 
recrystallized, the process being repeated until raffinose was 
obtained which had a specific conductivity of about 1.5 x 10 
reciprocal ohms in O.lfl solution. Raffinose which had been 
used was reclaimed by evaporating the solutions under reduced 
pressure and then purifying as described above.
Potassium Chloride.
Kahlbaum's best p-rade of potassium chloride 
was recrystallized several times from conductivity water and 
then fused in a platinum dish.
lithium Chloride.
The lithium chloride used had been purified
*
by Millard for transference experiments. It was recrystallized 
again from conductivity water and drained by centrifuging in a 
platinum crucible. On account of the hygroscopic nature of the 
salt, a strong solution of the lithium chloride was prepared and 
its concentration determined by analysis.
Caesium Chloride.
The caesium chloride was obtained from the 
dichloriodide, also prepared by Millard, by heating till the
The Hydration of ions and. the Influence of Viscosity on 
the Transference Humber of lithium Chloride. 3. 3. Millard". 
Thesis submitted in partial fulfillment of the requirement for 
the degree of Doctor of Philosophy in the Graduate School of the University of Illinois 1914.
21.
iodine was expelled and the residue became perfectly white. It 
was then recrystallized from conductivity water, centrifuged, in 
platinum crucibles and. dried, in an electric oven.
2. Description of Apparatus.
Conductivity Apparatus.
The conductivity apparatus used was that described
2/by Washburn and Bell. The extended bridge wire was 
calibrated by means of two resistance boxes standardized by the 
Bureau of Standards. Instead of using a direct current and 
galvanometer for the calibration, the high frequency current and 
telephone were employed arid the bridge left under the same 
conditions in which it was to be used for actual measurements.
It was found that just as sharp settings could be secured with 
the high frequency current and telephone as with the direct 
current and galvanometer. Approximate values for the extension 
coils in terms of units of length of the bridge wire were 
determined and then, using these values, corrections for the 
observed readings were calculated which would make the ratio 
of the two parts of the whole bridge wire of the same value as the 
ratio of the corresponding resistances of the two standard resist­
ance boxes. Observations were made every few divisions for about 
Conductivity Cells.
The type of conductivity cel], used is shown in Fig. 1.
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half a turn each side of the middle of the wire and in actual 
measurements the resistances were so arranged as to bring the 
balance point within this calibrated part.
To measure the conductances of the dilute solutions 
used in the investigation, cells of low resistance were 
necessary. The constants of these cells were determined by­
comparison with a cell of higher resistance and in which the 0.1 
B potassium chloride solution described by Kohlrausch could be 
measured. The platinum electrodes were left bright since 
platinum black was found to cause a slow decomposition of the 
raffinose. In the case of solutions containing methyl alcohol, 
even the bright platinum caused decomposition and a further 
modification had to be made. The trouble was overcome by 
bending one stem of the cell downward. A flask containing 
the solution to be measured was attached to the turned down 
stem by a cleaned rubber stopper as shown in Fig. 1 , and the 
flask and cell immersed in the thermostat and brought to constant 
temperature. The solution was then drawn up until the cell 
was filled and the conductivity measured at once. The time 
necessary to fill the cell and get a measurement was never more 
than half a minute and since the change in conductivity over a 
period of ten or fifteen minutes only amounts to one or two 
tenths of a per cent., the error in a measurement made in half 
a minute can safely be regarded as negligible. Check readings 
can be made in still less time by drawing a supply of fresh 
solution through the cell and noting if any change in 
conductivity has occurred. Such check readings were always 
found to give constant values.
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Thermostats.
For measurements at 25°, a self regulating Frees 
thermostat was used. A Beckmann thermometer on which the reading 
for 25° had been determined by comparison with a standard ther­
mometer was kept in the thermostat. When properly regulated, 
the temperature remained constant indefinitely to 0.01 to 0.02°.
For measurements at 0° a large Dewar bulb filled 
with a mush of ice and distilled water was employed.
Viscosimeter.
The viscosity measurements were made with the 
Quartz precision Viscosimeter as described by Washburn and 
Williams*.* The time was measured by means of a stop watch.
Glassware.
All flasks and bottles used to hold solutions were 
made of quartz or some variety of resistance glass.
3. (a) Method of Preparation of Solutions.
All solutions were made up by weight. Since it 
was only necessary that the conductivity data be consistent 
throughout, good analytical weights were used instead of standard­
ized ones. These weights were tested, however, by the method 
described by Richards and inconsistencies greater than a few 
tenths of a milligram were not found. Since no weighings of 
less than a gram were made, errors from this source could only 
be of the order of hundredths of a per cent. Stock solutions 
were weighed on a large balance sensitive to 0.01 gram. The
2o.J. Am. Chen. Soc. 35, 737 (1913).
22. J. Am. Chem. Soc. 22, 144 (1900).
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weights were compared with the analytical weights and found to 
he consistent.
In making up solutions for measurement, a litre 
and a half to two litres of approximately 0.01 K salt solution 
was first prepared. Prom this, solutions in pure water could 
he prepared directly. Por raffinose solutions, however, 
sufficient raffinose crystals were weighed out into a flask to 
make about 150 ces. of solution and then the 0.01 H salt solution 
added until the proper concentration of raffinose was secured. 
About 500 ces. of raffinose solution in pure water was also made 
in the same way. Prom these two stock solutions, other 
solutions of any desired salt concentration hut fixed concentra­
tion of raffinose could he prepared. The density of such 
solutions may safely he taken as that of the pure raffinose 
solution since the concentration of salt was never greater than 
0.0085 U. The 500 ccs. of stock solution were sufficient to 
make six solutions for measurement in sufficient quantity to 
rinse out the conductivity cell three times and then completely 
fill it.
The methyl alcohol stock solutions were made up in 
far larger quantities since there was no need to he sparing of 
the materials. About four litres of methyl alcohol solution 
of the desired concentration were first prepared and from this 
and the dry salt, from one to two litres of approximately 0.01 
K salt solution. Prom these stock solutions those for actual 
measurement were prepared.
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3. (b) Method of Handling of Solutions.
When working with solutions at concentrations of a 
few thousandths normal and less, the greatest source of error in 
conductivity measurements is contamination of the solutions by 
the absorption of carbon dioxide and other electrolytic sub­
stances which are liable to be present in the air of the 
laboratory. To facilitate the handling of solutions in a way 
that would protect them from contamination, a simple apparatus 
was arranged in the fashion illustrated and described below:
B
A and B in Fig. 2 are ten litre bottles, A being placed so that 
it is considerably higher than B. The two are connected through 
air tight rubber stoppers by a siphon, S. From the upper 
bottle, A, a tube, C fitted with a pinch-cock, Pc leads off to a 
suction pump. A third tube, X connects to A a train, T; con­
sisting of a dust filter (a wide tube filled with cotton) and 
three wash bottles containing H2S0f , XOH solution and water 
respectively. The tube X, is also provided with a pinch-cock,
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Pk. Tube F connects to bottle B a long train Ta , consisting 
of a dust filter and wash bottles containing S04 , KOE 
solution and water. Here another pinch-cock, Pf, is placed. 
Tube H leads away from B and is provided with a number of side 
tubes and pinch-cocks to which the various bottles of stock 
solution etc. can be attached.
By closing pinch-cock pk, and opening Pc and Pf, 
and then applying suction to C, water is drawn from B up to A 
and air comes in through the train Tt attached to B and takes 
the place of the water removed. When all the water has been 
drawn up into A, and B is full of pure air, pinch-cocks Pc and 
Pf are closed and pinch-cock Pk opened. Air then flows in 
through the train T, and water runs from A down into B creating 
an air pressure in the tube H. This pressure is used to force 
solution out from the stock bottles and keeps the air space 
in these bottles filled with pure air.
All flasks and tubes, before being used to contain
solutions were washed in distilled water and thoroughly steamed 
out. The steamer used is sufficiently described by Figure 3. 
The first portion of water which comes over in the distillation
Auction
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of conductivity water was saved for use in the steamer. While 
still hot, the flasks were quickly dried out by a stream of air 
forced through a long cotton plug by a small air compressor,
(Fig. 4).
For the preparation of the final solutions for 
measurement, 150 cc. glass-stoppered flasks were used. The 
procedure is as follows: The carefully cleaned rubber stopper A,
is fitted with two tubes, B and G, as illustrated in Figure 5.
C is attached to the tube H, 
which is connected with the 
large bottle containing pure 
air and suction is applied to 
B. The flask is first 
partially evacuated and then 
air from H allov/ed to come in.
This is repeated until original
air in the flask has been replaced by good air. The rubber 
stopper is then removed and the glass one put in its place.
Proper amounts of the stock solutions can be run into the flask 
very quickly with the aid of a rough pair of balances and the 
glass stopper need only be removed for short intervals of time. 
Before mixing up the contents of the flask, however, the air is 
again changed by suction as described. The mixing is accomplished 
with as little churning up of the solution with the air as 
possible. To fill the cell with the solution, the flask is 
again fitted with a rubber stopper carrying two tubes as shown 
in Figure 6. By this arrangement the cell can be filled
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direotly from the flask. The / 
above procedure enables one Jr "f* 
to prepare and handle the h 
dilute solutions with but 
little chance of contamination.
To test the
efficiency of this method f'9-6 
of working with dilute 
solutions, a few experiments were made. If solutions are 
prepared without special care to keep them away from the air of 
the laboratory, they continually absorb electrolytic substances
and the conductance rapidly changes as the following figures show.
^ •
The cell was filled from the stock bottle and its conductance 
measured at intervals of an hour or so.
Table showing the rate of change of conductance due to 
contamination of the solution. Measurements were made at 
intervals of about one hour.
0.0005 fi KOI
Measurement Conductance
1. 0.00005454
2. 0.00005464
3. 0.00005486
4. 0.00005498
Solutions handled in the way described, however, remained 
fairly constant.
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Table showing rate of change of conductance for a 
solution treated by the above described method.
0.0002 JS KOI
Time
10.30 A.II.
11.00 A.M.
Conductance
0.00003223
0.00003224
1.30 P.M 0.00003226
III. T A B U L A T I O N  O F  D A T A .
1. Conductivity Data.
(a) Potassium Chloride.
(b) Caesium Chloride.
(c) Lithium Chloride.
2. Viscosity Data.
• Summary of Data.3
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III. Tabulation of Data.
1. Conductivity Data.
In a paper published by Washburn and Williams*, the 
densities and viscosities of solutions of raffinose at five con­
centrations and at the temperatures 0°, 25° and 50° are given. In 
this investigation, the conductances at infinite dilution at 0°, 
and 25° of KC1, LiCl and CsCl were determined in pure water and 
also in the first, third and fifth raffinose solutions mentioned 
above. The measurements were repeated in methyl alcohol solutions 
containing the same mole fraction of alcohol that the former
solutions contained of raffinose. The data is given in the
* '
following tables
(a) Potassium Chloride.
Table V.
Potassium Chloride in Water.
Temperature 0.00° U a‘/r 0.9999
Concentration in Spec. Cond. Equiv. Cond.
Equivalents per 
Litre.
0 81.30
.0004193 .00003398 81.04
.0007349 .00005928 80.66
.001279 .0001027 80.29
.002147 .0001725 79.69
Temperature 25.00° <3^ /^= 0.9974
0 149.2
.0004185 .00006209 148.5
.001276 .0001876 147.1
.002141 .0003122 145.8
.001756 .0002575 146.6
.0004750 .00007040 148.2
2o J. Am. Chem. Soc. 35, 737 (1913).
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Potassium Chloride in 0.03865 Weight Formal Raffinose*
Temperature 0.00° d * 1.0079.
Concentration in Spec. Cond. Equiv. Cond.
Equivalents per 
Litre.
0 78.0
.0004122 .00003199 77.6
.0008849 .00006840 77.3
.001271 .00009738 76.62
.001768 .0001354 76.56
.002528 .0001917 75.83
Temperature 25.00° d-*7*.-1.0048
0 143.9
.0004109 .00005882 143.2
.0007851 .0001119 142.5
.0008834 .0001257 142.3
.001269 .0001797 141.7
.00001763 .0002486 141.0
.002520 .0003518 139.6
Potassium Chloride in 0 .1067 Weight Formal Raffinose.
Temperature 0.00° d-<%. - 1.0215
Concentration in 
Equivalents per
Spec. Cond • Equiv. Cond
Litre.
0 71.70
.00004974 .00003553 71.43
.001027 .00007314 71.20
.001774 .0001256 70.80
.002659 .0001871 70.38
Temperature 25.00° *"7,.'1.0188
0 134.2
.0004957 .00006603 133.5
.001024 .0001359 132.8
.001768 .0002331 131.8
.002650 .0003471 131.1
^Concentration expressed as "weight formal" gives the 
of formula weight of the solute dissolved in 1,000 gms. of 
solvent. The formula of raffinose is taken to he C,a E 3Z 0,
number 
:+ ^ H 20.
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Potassium Chloride in 0.1894 Weight Formal Raffinose.
Temperature 0.00° * 1.3605.
Concentration in Spec. Cond. Equiv. Cond.
Equivalents per 
Litre.
0 65.6
.0004523 .00002973 65.73
.0007430 .00004855 65.34
.001295 .00008387 64.79
•001800 .0001161 64.50
.002543 .0001633 64.21
Temperature 25.00° 1.3123
0 124.2
.0004502 .00005576 123.8
.0007396 .00009108 123.15
.001289 .0001577 122.4
.001792 .0002182 121.77
.002532 .0003072 121.35
Potassium Chloride in 0.03865 Weight Formal Methyl Alcohol.
Temperature 0.00° d “'/+*« 0 • 999
Concentration in Spec. Cond. Equiv. Cond.
Equivalents per 
litre.
80.70
0005022 .00004034 80.33
0008621 .00006912 80.17
001428 .0001146 79.72
002017 .0001602 79.42
Temperature 25.00° - 0.997.
148.6
0005531 .00008180 147.9
0010067 .0001479 146.9
0015637 .00028944 145.96
0018868 .00027505 145.8
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Potassium Chloride in 0.1067 Weight Formal Methyl Alcohol.
temperature 0.00° '%.•0*599
Concentration in Spec. Cond. Equiv. Cond.
Equivalents per 
Litre.
0 80.20
.0005681 .00004537 79.89
.0008957 .00007179 79.62
.001316 .0001045 79.41
.001732 .0001370 79.08
Temperature 25.00° 0.997
0 146.9
.0005664 .00008277 146.1
.001060 .0001541 145.3
.001569 .0002271 144.7
.002192 .0003166 144.0
Potassium Chloride in 0.1894 Weight Formal Methyl Alcohol
Temperature 0.00° d 0.999
Concentration in Spec. Cond. Equiv. Cond.
Equivalents per
Litre.
0 79.20
.0005538 .00004369 78.89
.001046 .00008230 78.67
.001548 .0001212 78.29
.001965 .0001537 78.19
Temperature 25.00° 0.997
0 146.3
.0005507 .00008030 145.8
.001038 .0001503 144.85
.001650 .0002377 144.06
.002045 .0002938 143.68
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(b) Caesium Chloride. 
Table VI.
Caesium Chloride in Water.
Temperature 0.00° of 0.999
Concentration in Spec. Cond. Equiv. Cond
Equivalents per 
Litre.
0 84.3
.0003877 .00003260 84.1
.0007463 .00006273 83.84
.001207 .0001008 83.50
.001677 .0001396 83.26
.002033 .0001687 83.00
.002251 .0001867 82.96
Temperature 25.00° d ”'/r -0.997
0 152.5
.0003866 .00005883 152.0
.0007461 .0001128 151.5
.001204 .0001817 150.0
.001677 .0002514 150.4
.002027 .0003041 150.0
.002244 .0003360 149.7
Caesium Chloride in 0.15865 Weight Formal Raffinose.
Temperature 0.00° of %= 1.0079
Concentration in Spec. Cond. Equiv. Cond
Equivalents per 
Litre.
0 80.2
.0005923 .00004735 79.95
.0008140 .00006502 79.88
.001333 .0001061 79.59
.001772 .0001407 79.37
.002067 .0001638 79.25
.002525 .0001995 79.02
Temperature 25.00° 1.0048
0 146.6
.0005905 .00008615 145.9
.0008116 .0001181 145.5
.001329 .0001927 145.0
.001767 .0002549 144.2
.002061 .0002969 144.1
.002518 .0003613 143.5
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Caesium Chloride in 0.,1067 Weight Formal Raffinose.
Temperature 0.00° J  o‘/r * 1.0215
Concentration in 
Equivalents per
Spec. Cond. Equiv. Cond
litre.
0 74.8
.0009326 .00006894 73.92
.0006182 .00004647 74.43
.001163 .00008619 74.08
.001411 .0001041 73.75
.002131 .0001565 73.42
Temperature 025.00 1.0188
0 137.5
.0006160 .0008516 136.8
.0009294 .0001263 135.9
.001160 .0001571 135.5
.001406 .0001907 135.6
.002124 .0002850 134.2
Caesium Chloride in 0 .1894 Weight Formal Raffinose.
Temperature 0.00° 1.3605
Concentration in 
Equivalents per
Spec. Cond. Equiv. Cond
Litre.
0 67.9
.0005609 .00003793 67.62
.0009026 .00006092 67.49
.001346 .00009042 67.19
.001500 .0001006 67.10
.001944 .0001302 66.98
.002552 .0001701 66.66
Temperature 25.00° c/4%  = 1.3123
0 126.7
126.1 
125.7 
125.2 
124.9 
124.6
124.0
.0005584
.0008984
.001340
.001493
.001935
.002540
.00007041
.0001129
.0001677
.0001865
,0002411
.0003151
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Caesium Chloride in 0 £3865 Weight Formal Methyl Alcohol.
Temperature 0.00° 0,999
Concentration in 
Equivalents per
Spec. Cond. Bquiv. Cond.
litre.
0 84.0
..0004395 .00003678 83.70
.0009702 .00008085 83.33
.001414 .0001174 83.08
.001817 .00015055 82.85
Temperature 025.00 d 0.997
0 152.0
.0005367 .00008119 151.3
.0009921 .0001494 150.6
.001519 .00022767 149.9
.001558 .00023326 149.9
.001960 .0002929 149.47
Caesium Chloride in 0.1067 Weight Formal Methyl Alcohol
Temperature 0.00° ■ 0.999
Concentration in 
Equivalents per
Spec. Cond. Equiv. Cond.
litre.
0 83.5
.0004691 .00003902 83.18
.0009435 .00007801 82.68.0014027 .00011575 82.52
.0019726 .0001620 82.13
Temperature 25.66° d ”} 0.997.
0 151.4.0005394 .00008121 150.6.0010567 .00015827 149.8
.0010735 .00016075 149.74.001547 .0002306 149.1.001944 .0002889 148.6
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(c) Lithium Chloride. 
Table VII.
Lithium Chloride in Water *
Temperature 0.00° cl%- 0.999.
Concentration in Spec. Cond, Bquiv. Cond.
Equivalents per
Litre.
0 60.2 /  
59.76.0005269 .00003149
.0007173 .00004277 59.63
.00009196 .00005473 59.51
.001036 .00006153 59.39
.001439 .00008536 - 59.15
.001959 .0001156 59.01
.002508 .0001470 58.61
Temperature 25.00° 'd%.- 0.9974
0 114.4
.0007165 .00008130 113.5
.0009169 .0001039 113.3
.001035 .0001165 112.5
.001435 .0001620 112.6
.0001953 .0002190 112.1
.002500 .0002784 111.4
Lithium Chloride in 0 .03865 Weight formal Raffinosa.
Temperature 0.00° 1.0079
Concentration in Spec. Cond. Squiv. Cond
Equivalents per
Litre.
0 57.5
.0005411 .00003094 57.18
.0007864 .00004478 56.94
.001149 .00006528 56.82
.001571 .00008884 56.55
.002148 .0001206 56.27
Temperature 25.00° 1.0048
0 - 109.8
.0005394 .00005901 109.4
.0007839 .00008538 108.9
.001145 .0001243 108.5
.001567 .0001692 108.0
.002136 .0002295 10-?.4
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lithium Chloride in 0.1067 Weight Formal Raffinose.
Temperature 0.00° d 0‘A°’ 1.0215.
Concentration in Spec. Cond. Equiv. Cond.
Equivalents per 
litre«
0 53.8
.0005211 .00002783 53.40
.001063 .00005623 52.90
.001860 .00009762 52.37
.002170 .0001133 52.20
Temperature 25.00° 1.0188.
0 103.2
.0005159 .00005328 102.5
.0008520 .00008680 101.9
.001061 .0001080 101.9
.001864 .0001872 100.7
.002165 .0002175 100.5
Lithium Chloride in 0 .1894 Weight Formal Raffinose.
Temperature o • 8 o - 1.3605
Concentration in Spec. Cond. Equiv. Cond
Equivalents per
litre.
0 48.8
.0003958 .00001924 48.61
.001239 .00005965 48.16
.001751 .00008393 47.§4
.001887 .0009031 47.87
.002307 .0001099 47.64
Temperature 25.00° d “7r 1.3123
0 95.3
.0003943 .00003738 94.81
.001234 .0001158 93.85
.001744 .0001631 93.51
.001880 .0001749 93.06
.002298 .0002135 92.91
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Lithium Chloride in 0.03865 Weight Formal Methyl Alcohol.
Temperature 0.00° "^/r" 0.999.
Conoentration in Spec. Cond. Squiv. Cond.
Equivalents per 
Litre.
0 59.80
.00060085 .00003572 59.44
.0012175 .00007188 59.04
.001462 .00008626 58.98
.0020874 .0001223 58.59
Temperature 25.00° </•%’ 0.997.
0 113.9
.0006327 .00007156 113.1
.0009478 .0001068 112*66
.001689 .0001886 111.65
.001999 .0002227 111.4
.002247 .0002497 111.1
Lithium Chloride in 0 .1067 Weight Formal Methyl Alcohol.
Temperature 0.00° 0.999.
Conoentration in Spec. Cond. Squiv. Cond
Equivalents per
Litre.
0 59.3
.0005357 .00003167 58.93
.00075326 .00004429 58.79
.0009728 .00005704 58.62
.001569 .00009142 58.25
Temperature 25.00° 0.997.
0 113.2
.0006342 .00007129 112.4
.001028 .0001151 111.94
.001431 .0001592 111.3
.001624 .0001809 111.1
.0019437 .0002153 110.77
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Lithium Chloride in 0.1894 Weight Formal Methyl Alcohol.
Temperature 0.00° * 0.999.
Concentration in 
Equivalents per 
Litre.
Spec. Cond. Equiv. Cond
0 58.7
.0007519 .00004381 58.26
.0009771 .00005680 58.13
.001422 .00006240 57.95
.001913 .0001017 57.59
Temperature 25.00° 0.997
0 112.5
.0005089 .00005694 111.9
.001019 .0001133 111.2
.0014846 .0001641 110.53
.001939 .0002136 110.2
.002542 .0002782 109.44
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2. Viscosity Bata.
Table VIII.
Viscosities ana fluidities of Methyl Alcohol Solutions.
Temp. Gone, of MeOH in Time of Relative Relativeformula Weight per 
1000 grams solvent.
flow in 
seconds.
Viscosity. Fluidity
0.00 0 1161.0 1.0000 1.000
.03864 1165.1 1.0035 0.9965
.1067 1176.6 1.0134 0.9868
.1894 1190.1 1.0251 0.9765
25.00 0 578.8 1.000 1.0000
.03864 582.2 1.0059 0.9941
.1067 584.5 1.0098 0.9903
.1894 588.8 1.0173 0.9830
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Table IX
Summary of Conductivity and Fluidity Data.
KOI
Cone, of no 
electrolyte %
CsCl
A, Ao
Raffinose Solutions.A a a O
iiCl
4  'W Ao
0. 1.0 0. 81.3 1.910 84.3 1.926 60.2 1.7796
0.03864 0. 94088 0. 02646 78.0 1.892 80.2 1.904 57.5 1.7596
0.1067 0.84118 0. 07510 71. 7 1.8555 74.8 1.874 53.8 1.7307
0.1894 0.73503 0.13371 65.6 1.817 67.9 1.832 48.8 1.6884
Temperature 25.00°.
0. 1.0 0. 149.2 2.1737 152.5 2.1833 114.4 2. 0584
0.03864 0.94693 0.02369 143.9 2.1580 146.6 2.166 109.8 2. 0406
0.1067 0.86008 0.06545 134.2 2.1277 137.5 2.138 103.2 2.0137
0.1894 0.76200 0.11805 124.2 2.0940 126.7 2.1028 95.3 1.9791 tnH
0.
0.03864 
0.1067 
0.1894
1.0
0.9965
0.9868
0.9755
0.
0.001523
0.005771
0.01077
Temperature 0.00 . 
81.3 1.910 
80.7 1.907
80.2 1.904
79.2 1.899
84.3
84.0 
83.5
82.0
1.926
1.924
1.922
1.914
60.2
59.8
59.3
58.7
1.7796 
1. 7767 
1.773 
1.7686
0.
0.03864
0.1067
0.1894
1.0
0. 9965 
0.9903 
0.9830
0.
0.001523 
0.004233 
0.007446
Temperature 25.00°. 
149.2 2.1737 
148.6 2.172
146*. 3 2.165
152.5
152.0
151.4
150.3
2.183 
2.182 
2.180 
2. 177
114.4 
113.9 
113.2
112.5
2.058 
2.056 
2.054 
2. 051
# Concentration in formula weights per 1000 gins, of solvent.
,\
If. D I S C U S S I O E  O F  R E S U L T S
1. Graphical Presentation of Results.
2. Consistency of the /lm Values*
55* The General Conductance Fluidity Function
4. The Work of L. W. Oholm.
5* Values of the Exponent m and their Accuracy.
6. The Conductances of the Ions*
7. The Value of the Exponent m  for the Salts
and Ions for Changes in Fluidity due to 
Temperature Changes.
8. The Change of the Transference numbers with
Change of Fluidity.
52
IV, Discussion of Results.
1. Graphical Presentation of Results.
The graphs which will he referred to in 
the discussion of results are inserted together in the 
following pages.
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IV* Discnssion of Results.
2. Consistency of the /l0Values.
To get an idea of the probable accuracy of the a b 
values, these have been plotted against the concentration of the 
non-electrolyte used. The plots are shown in Graphs 9,10,11 and 
12. Although some bad irregularities occur, it is safe to say 
that the dataare consistent to 0,Z%
3. The General Conductance - fluidity Function
If the change of conductance with changing fluidity 
is represented by the function kf, then values of log Aa
when plotted against the corresponding values of logy  will give a 
straight line and the slope of the line will be the value of the 
exponent m. The data, plotted in this way is shown in graphs 13, 
14,15 and 16. It is seen that the points lie on a straight line, 
the deviations occurring where they would be expected from the 
irregularities in the conductance data. The conclusion can thus 
be drawn that the function a0-kfm is a general one and represents the 
relation between the conductance at infinite dilution and the 
fluidity of the medium.
4. The Work of L. W. Oholm.
23Oholm, after investigating the effect of the presence 
of non-electrolytes on the diffusion of KOI and LiCl, made measure­
ments of the conductivity of similar solutions so as to be able to 
compare the changes in conductance with those of diffusion. In 
order to test Walden*s equation, he also measured the viscosities.
2i-Ofversigt af Finska Velenskaps-Societetens Jorhandlingar 55 1912-13 Afd AIT05 (1913). \
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Although these measurements were not carried out with much accuracy, 
yet they are consistent and it will he of interest to examine the 
data by means of the exponential function which has been discussed 
in the previous pages. Table X has been compiled from the data 
given in Oholm's paper. Although he gives a table of values, 
these cannot in any way be relied upon since the most dilute 
solution measured was 0.1 N. Oholm makes the statement, after 
examining his data that the degree of the ionisation for a given 
concentration of salt is not altered by the presence of a non­
electrolyte. If this is so, then the conductances for a constant 
concentration of electrolyte are just as comparable as the values 
would be. In any case such a comparison is the best that can be 
made. In graphs 17,18 and 19 values of log A have been plotted 
against values of log f and again the linear relationship appears. 
Oholm*s conclusion that the degree of ionisation for a given con­
centration of salt is not altered by the presence of the non­
electrolyte is in harmony with the results of the present invest­
igation. In graphs 1 to 6 it is seen that the conductance curves 
are in most all cases parallel to each other. On each curve in 
these graphs the value for the concentration of 0.0022 H 
electrolyte has been marked so that the variation in the degree of 
ionisation for this fixed concentration in the solution containing 
the various concentrations of raf:inose and methyl alcohol can be 
noted. It is seen that except for a few extreme cases the vari­
ation is covered by 0.5^ and that there is no tendency for ion­
ization to increase or decrease with change in content of non­
electrolyte. (Jreen makes the statement that the presence of
J9. J. Ohera. Soc. £3, 2049 (1908).
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sucrose in his lithium chloride solutions tends to increase 
enormously the degree of ionization of the electrolyte. To cal­
culate the degree of ionization he used a a, value for a solution 
infinitely dilute with respect to electrolyte hut containing 
sufficient sucrose to give it the viscosity of the solution the 
degree of dissociation of which was in question. 0reen*s data is 
of such a nature that it is impossible to arrange it into a form 
comparable to the data given in Oholm's paper 6r that obtained 
in this investigation.
Table X.
Conductance and Fluidity Data from Oholm*s Paper. 
Temperature 20°.
0.25 IJ XC1 in Urea Solutions.
Cone.of Don- Relative Relative log Equiv.Cond. log Co:
electrolyte Viscosity Fluidity Fldty.
in moles per
litre.
0.5 1.019 0.981 0.00833 108.8 2.0366
1.0 1.038 0.963 0.01637 106.3 2.0265
2.0 1.0919 0.916 0.03810 101.0 2.0043
4.0 1.223 0.817 0.0878 90.3 1.955
8.0 1.697 0.589 0.231 66.9 1.825
0.5 K LiCl in Urea Solutions.
1.0 1.122 0.891 0.0501 69.36 1.841
2.0 1.176 0.850 0.0706 66.2 1.821
8.0 1.861 0.537 0.2698 42.8 1.631
0.1 N KC1 in Glycerol Solutions.
0.5 1.119 0.894 0.04866 107.4 2.031
1.0 1.2607 0.973 0.10073 94.8 1.977
2.0 1.635 0.6116 0.2135 78.5 1.895
5.0 3.955 0.2528 0.5972 36.7 1.563
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Cone.of non­ Relative Relative bog Equiv.Cond• log Cond
electrolyte Viscosity Fluidity Fidty.
in moles per
litre.
0.1 « LiCl in Glycerol Solutions.
0.1 1.0399 0.961 0.01738 85.3 1.931
0.5 1.1434 0.8745 0.05824 80.1 1.904
1.0 1.2833 0.779 0.1084 72.1 1.858
2.0 1.661 0.602 0.2204 59.3 1.777
5.0 4.010 0.2440 0.6120 28.1 1.449
0.1 E KC1 in Sucrose Solutions.
0.1 1.092 0.916 0.0381 109.0 2.037
0.5 1.638 0.610 0.2147 80.0 1.903
1.0 3.190 0.3135 0.5038 51.3 1.710
2.0 25.78 0.0388 1.412 13.5 1.130
0.1 B liCl in Sucrose Solutions.
0.1 1.111 0.900 0.0459 80.5 1.906
0.5 1.702 0.588 0.2309 60.4 1.781
1.0 3.362 0.297 0.5267 38.0 1.580
2.0 28.70 0.0384 1.416 9.23 .965
1.0 E KC1 in Raffinose Solutions.
0.1 1.140 0.877 0.0570 89.4 1.951
0.2 1.331 0.754 0.1240 81.4 1.911
5. The Values of the Exponent ra and their Accuracy.
The slope m of the line /oj through the
points P( /ay /i' t /oj /') and /ofis given by the equation
/oo A* ~/og Am - ———  --—— -
/ajf - 'off
For convenience, let /a^  ■x/, Joj /ifs *2 y /aj f  an*/ • TAen
The values for the fluidities may be determined much more accurate­
ly than the conductance values and consequently the error in m 
may be regarded as due alone to the errors in the values. Re­
presenting the deviation of m from the true value by A m
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- x« - x> - ^ x, - x* - x' 
%-y.
AX2- 4
y,-!/'
The percentage error of m is
/o o 4 o?
m
/o o 00 — o--- . -. A x - 4 x£-y, x2-x, 2
= /44  ^X3- 4 X'X2 - *, /
From equation 1 it is obvious that the error in a will be the 
greater the smaller (xg-xjJ. For the maximum error to be expected 
in m we will consider the worst combination of 4^  and a %, over the 
largest interval of x2 - -a/Considering the conductance data to be 
liable to an error of 0.2%, 4 /0^ 4.= a  -*since a variation of 
0.1% in a number causes a difference of 0.0004 in the corresponding 
logarithm. The largest value of a ?then, will be 0.0016. 
The maximum range of x2- y-, is practically the sane for each salt 
and is 0.093 at 0° and 0.080 at 25° (c? Table IX). Thus, at 0° 
substituting into equation 1
and at 25
/ o o  4 m
srt
/0O 4
/oo * o■ 00/6
0-093
so o x 4. 00/6*
0- o So
/• 7 %
2 o %
The error in ra for the salts in the methyl alcohol solutions may 
be determined in a similar way. Here is again 0.0016 while
becomes 0.011 at 0° and 0.008 at 25°. For 0°
and for 25
/oo rr?
/fio 4 
m
/cox 000/6 
o - o / /
/o o  x o- o o /G
%
0.008 ** %
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The probability of the occurrences of the maximum error is very 
snail and it is not fair to say that the accuracy of the values 
of m given below is not better than 1.7$ and 2.0$ for 0° and 25° 
respectively in the raffinose solutions and 15$ and 20$ for the 
Methyl Alcohol solutions. Yet with so little data it is impossible 
to determine the probable error* If a great number of determin­
ations of the a0 values in the pure solvent and in the strongest 
solution of the non-electrolyte had in each case been made, a value 
for the probable error could then have been calculated which would 
be significant. In the present case about all that can be said 
is that the probable error is less than the maximum error. A 
value for which is more probable than the maximum value is
______ _ g •
v 2 x .008 * 0.0012. Substituting 0.0012 for in equation 1,
the value for m becomes 1.3$ and 1.5$ for the salts in the raffinose 
solutions at 0° and 25° respectively and 10$ and 15$ for the salts 
in the methyl alcohol solutions.
The values for /?? are given below;
Table XI.
Values of the exponent m for KOI, OsCl and L i d  for 
the conductance measurements in the various non-electrolytes. The 
values are calculated from the values in pure water and in the 
strongest solution of the non-electrolyte since in each case the 
line through the points representing these two values best 
represents all the data.
Temperature Ron-Slectrolyte Electrolyte m
0° Raffinose KOI 0.696 tO.005CsCl 0.703
LiCl 0.682
Methyl Alcohol KOI 1.0 ±0.1
OsOl 1.1
l i d 1.1
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Temperature JNon-Slectrolyte Electrolyte m
25° Kaffinose KOI 0.675 +0.005
OsOl 0.676
LiOl 0.669
Methyl Alcohol KOI 1.2 ±.l
GsOl 0.8
LiCl 1.1
20° Urea KOI 0.95
LiOl 0.96
Glycerol KC1 0.83
LiOl 0.81
Sucrose KOI 0.66
LiCl 0.69
Raffinose KOI 0.60
The last seven values in Table XI have been calculated 
from the data given by Oholm. It is apparent from a consideration 
of the above table that as the molecular weight of the non-elec­
trolyte increases, the corresponding value of m decreases. In 
Fig. 7 the molecular weights of the non-electrolytes have been 
plotted against the corresponding value of m, using Oholm*s data.
A great many non-electrolytes have been used by various investi­
gators to vary the fluidity and the conclusion has generally been 
that approximately the conductance varies directly with the fluidity. 
It does not seem probable, therefore, that the value of the exponent 
is ever much greater than unity. As a general observation, it may
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be said that when a non-electrolyte of low molecular weight is 
used to vary the fluidity, the value of the exponent m is about 
unity and that as the molecular weight of the non-eleotrolyte 
increases, the value of m decreases and seems to approach a limiting 
value of about 0.6. This observation may be of significance in 
connection with the correction of the conductance data of organic 
electrolytes for the effect of viscosity.
6* The Conductances of the Ions.
The conductances of the ions in the raffinose and 
methyl alcohol solutions and the corresponding values of the 
exponent m  are given in Tables XII and XIII and the plots of the 
logarithms of these conductances against the logarithms of the 
fluidities are shown in Graphs 20,21,22 and 23. The values 0.493
a*and 0.497 were taken for the transference numbers of the potassium 
ion in the potassium chloride solutions at 0° and 25° respectively 
and these values were assumed not to change as the fluidity 
decreased. Since the chloride ion is common to the solutions of 
each of the three salts investigated, the conductances of the 
positive ion in each case is given by subtracting the conductance 
of the chloride ion from the corresponding value. To avoid the 
piling up of errors in the values for the conductances of the ions, 
the a . values were corrected by means of Graphs 5 and 6.
2+.A. A. Noyes, J. Am. Chem. Soo. 33, 1436, (1911).
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Table XII.
Conductances of the Ions in the Raffinose Solutions and the 
Corresponding Values of the Exponent m .
Potassium Ion
Temperature 0°.
Relative
Fluidity. Log f /I. Log A 0 m
1 .0 0 0 0 0 40.08 1.6030 0.6980.9409 0.02646 38.43 1.58460.8412 0.07510 35.55 1.55080.7350 0.1337 32.34 1.5097
Temperature 25°.
1 .0 0 0 0 0 . 74.15 1.8701 0.6740.9469 0.02369 71.47 1.85410.8601 0.06549 66.94 1.82570.7620 0.11805 61.73 1.7905
Caesium Ion.
Temperature 00.
Relative
Fluidity. Log f /I<5 Log A o m
1 .0 0 0 0 0 . 43.08 1.6343 0.7080.9409 0.02646 41.18 1.61470.8412 0.07510 38.10 1.58090.7350 0.1337 34.64 1.5396
Temperature 25°.
1 .00 00 0 . 77.45 1.8890 0.6890.9469 0.02369 74.57 1.87260.8601 0.06549 69.84 1.83780.7620 0.11805 64.23 1.8077
Lithium Ion
Temperature •oo
Relative
Fluidity. Log f Log Aa
1 .00 00 0 . 18.98 1.8783 0.6500.9409 0.02646 18.20 1.26000.8412 0.07510 16.97 1.22970.7350 0.1337 15.54 1.1914
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Lithium Ion (cont.) 
Temperature 25°.
Relative
Fluidity. Log f A. Log A0 m
1.0000 0. 39.35 1.5949 0.666
0.9469 0.02369 37.97 1.5794
0.8601 0.06549 35.74 1.5408
0.7620 0.11805 32.83 1.5163
Chloride Ion „
Temperature 0 .
Relative
Fluidity. Log f A. Log A„ m
1.0000 0. 41.22 1.6151 0.696
0.9409 0.02646 39.52 1.5968
0.8412 0.07510 36.55 1.5630
0.7350 0.1337 33.26 1.5220
oTemperature 25 .
1.0000 0. 75.05 1.8754 0.675
0.9469 0.02369 72.33 1.8593
0.8601 0.06549 67.76 1.8373
0.7620 0.11805 62.47 1.7957
Table XIII.
Conductances of the Ions in Methyl Alcohol Solutions and 
the Corresponding Values of the Exponent m  .
Potassium Ion.
Temperature 0°.
Relative
Fluidity. Log f A. Log a9 m
1.0 0. 40.08 1.6030 1.05
0.9965 0.001523 39.95 1.6015
0.9868 0.005771 39.58 1.5975
0.9755 0.01077 39.05 1.5916
Temperature 25°.
1.0 0. 74.15 1.8701 1.14
0.9965 0.001523 73.85 1.8684
0.9903 0.004233 73.26 1.8649
0.9830 0.007446 72.71 1.8616
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Caesium Ion.
Temperature 0°.
Relative
Fluidity. Log f A, Ac m
1.0 0. 43.08 1.6343 1.170.9965 0.0015£3 42.91 1.63260.9868 0.005771 42.40 1.62740.9755 0.01077 41.85 1.6217
Temperature 25°.
1.0 0. 77.45 1.8890 0.550.9965 0.001523 77.25 1.88790.9903 0.004233 77.06 1.88680.9830
.
0.007446 76.71 1.8849
Lithium Ion.
Temperature 0°.
Relative
Fluidity. Log/1 A0 Log m
1.0 0. 18.98 1.2783 1.100.9965 0.001523 18.89 1.27620.9868 0.005771 18.63 1.27020.9755 0.01077 18.47 1.2665
T emp e ra ture 25 °.
1.0 0. 39.35 1.5949 0.6580.9965 0.001523 39.25 1.59380.9903 0.004233 39.06 1.59170.9830 0.007446 38.91 1.5900
Chloride Ion.
Temperature 0°.
Relative
Fluidity. Log f Ac Log Ac m
1.0 0 41.22 1.6151 1.050.9965 0.001523 41.09 1.61370.9865 0.005771 40.70 1.60960.9755 0.01077 40.15 1.6037
Tempe rature 25 0.
1.0 0. 75.05 1.8754 1.150.9965 0.001523 74.75 1.87360.9903 0.004233 74.14 1.87000.9830 0.007446 73.59 1.8668
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7. The Values of the Exponent, m, for the Salts and Ions for 
Changes in Fluidity due to Temperature Changes.
Since Aa values for the salts investigated were 
obtained at the two temperatures 0° and 25° for each concentration 
of non-electrolyte, the data is available to determine seven 
values of the exponent m for each salt and each ion and for which 
the fluidity change is due alone to change in the temperature.
In the calculations, the fluidity of the solution at 0° was taken 
as unity. The times of flows necessary for the fluidity 
calculations are given, for the raffinose solutions, in the paper 
by Washburn and Williams and for the methyl alcohol solutions in 
table VIII. The values of m for the three salts and the four 
ions appear in the following tables. Irregularities in the 
conductance data have been smoothed out by means of Graphs 13, 14, 
15 and 16. The data for KC1 has been plotted in Graph 24.
Plots for the other two salts and for the ions have not been made 
since they vsould be essentially repetitions of Graph 24 and would 
give no additional information.
Table XIV.
Values of %  and A0 for KC1, CaCl and LiCl at 0° and 25° 
with the accompanying Value of the Exponent m for each Solution 
of Eon-electrolyte.
Potassium Chloride.
Eon Electrolyte Temperature A /oy A0 m
(Water solution) 0.00 1.0 0. 81.3 1.910 0.87025.00 2.012 0.3035 149.2 2.1737
0.03864 Wt. 0.00 1.0 0. 77.9 1.8915 0.871Formal Raffinose. 25.00 2.023 0.3056 143.8 2.1578
— — _ —
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Potassium Chloride (cont.)
Non Electrolyte Temperature /os A. /oy A a n7
0.1067 Wt. 0.00 1.0 0. 72.1 1.8580 0.868
Formal Raffinose 25.00 2.049 0.3129 134.7 2.1295
0.1894 Wt. 0.00 1.0 0. 65.6 1.817 0.869
Formal Raffinose 25.00 2.084 0.3189 124.2 2.094
0.03864 Wt.
Formal Methyl 0.00 1.0 0. 81.04 1.9087 0.871
Alcohol. 25.00 2.006 0.3023 148.6 2.172
0.1067 Wt. Formal 0.00 1.0 0. 80.28 1.9046 0.870
Methyl Alcohol. 25.00 2.012 0.3036 147.4 2.1687
0.1894 Wt. Formal 0.00 1.0 0. 79.2 1.899 0.870
Methyl Alcohol. 25.00 2.021 0.3056 146.3 2.165
Caesium Chloride.
Ron Electrolyte Temperature /<7/ $ A0 /<)<? A a m
(Water Solution) 0.00 1.0 0. 84.3 1.926 0.848
25.00 2.012 0.3035 152.5 2.1833
0.03864 Wt. 0.00 1.0 0. 80.7 1.907 0.851
Formal Raffinose. 25.00 2.023 0.3056 146.9 2.167
0.1067 Wt. 0.00 1.0 0. 74.65 1.873 0.848
Formal Raffinose 25.00 2.049 0.3129 137.6 2.1385
0.1894 Wt. 0.00 1.0 0. 67.9 1.832 0.849
Formal Raffinose. 25.00 2.084 0.3189 126.7 2.1028
0.03864 Wt.Formal 0.00 1.0 0. 84.0 1.924 0.853
Methyl Alcohol. 25.00 2.006 0.3023 152.0 2.182
0.1067 Wt. Formal 0.00 1.0 0. 83.1 1.9195 0.856
Methyl Alcohol. 25.00 2.012 0.3036 151.2 2.1795
0.1894 Wt. Formal 0.00 1.0 0. 82.0 1.914 0.860
Methyl Alcohol. 25.00 2.021 0.3056 150.3 2.177
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Lithium Chloride.
Hon Electrolyte Temperature /os%, A. Ac m
(Water Solution) 0.00
25.00
1.02.012 0.0.3035
60.2
114.4
1.7796
2.0584
0.919
0.03864 Wt. 0.00 1.0 0. 57.72 1.7613 0.920
Formal Raffinose. 25.00 2.023 0.3056 110.3 2.0425
0.1067 Wt. 0.00 1.0 0, 53.52 1.7285 0.916Formal Raffinose. 25.00 2.049 0.3129 103.5 2.0150
0.1894 Wt. 0.00 1.0 0. 48.8 1.6884 0.912Formal Raffinose. 25.00 2.084 0.3189 95.5 1.980
0.03864 Wt.Formal 0.00 1.0 0. 59.98 1.7780 0.921Methyl Alcohol. 25.00 2.006 0.3023 114.0 2.0569
0.1067 Wt. Formal 0.00 1.0 0. 59.3 1.773 0.924Methyl Alcohol. 25.00 2.012 0.3036 113.2 2.054
0.1894 Wt. Formal 0.00 1.0 0. 58.6 1.768 0.926
Methyl Alcohol. 25.00 2.021 0.3056 112.5 2.051
Table XV.
Values of %  and a. for X* Cs+, Li+ and Cl' at 0° and 25° with 
the accompanying” Values of the Exponent m for each Solution of the 
Non Electrolyte.
Potassium Ion.
Hon Electrolyte Temperature /oy Aa m
(Water Solution) 28:88 I*.8l2 8*.3035 «:S8 1:1981 0.880
0.03864 Wt. 0.00 1.0 0. 38.43 1.5846
Formal Raffinose. 25.00 2.023 0.3056 71.47 1.8541
0.1067 Wt. 0.00 1.0 0. 35.55 1.5508 0.878
Formal Raffinose. 25.00 2.049 0.3129 66.94 1.8257
0.1894 Wt. 0.00 1.0 0. 32.34 1.5097 0.880Formal Raffinose. 25.00 2.084 0.3189 61.73 1.7905
0.03864 Wt.Formal 0.00 1.0 0. 39.95 1.6015 0.883Methyl Alcohol. 25.00 2.006 0.3023 73.85 1.8684
0.1067 Wt. Foimal 0.00 1.0 0. 39.58 1.5975 0.881Methyl Alcohol. 25.00 2.012 0.3036 73.26 1.8649
0.1894 Wt.Formal 0.00 1.0 0. 39.05 1.5916 0.883Methyl Alcohol. 25.00 2.021 0.3056 72.71 1.8616
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Caesium Ion
Hon Electrolyte Temperature
h 3%.
m
(Water Solution) 0.00
26.00
1.0
2.012
0.
0.3035
43.08
77.45
1.6343
1.8890
0.839
0.03864 Wt. 
Formal Raffinose.
0.00
25.00
1.0
2.023
0.
0.3056
41.18
74.57
1.6147
1.8726
0.844
0.1067 Wt.
Formal Raffinose.
0.00
25.00
1.0
2.049
0.
0.3129
38.10
69.84
1.5809
1.8441
0.841
0.1894 Wt.
Formal Raffinose.
0.00
25.00
1.0
2.084
0.
0.3189
34.64
64.23
1.5396
1.8077
0.841
0.03864 Wt.Formal 
Methyl Alcohol.
0.00
25.00
1.0
2.006
0.
0.3023
42.91
77.25
1.6326
1.8879
0.844
0.1067 Wt. Formal 
Methyl Alcohol.
0.00
25.00
1.0
2.012
0.
0.3036
42.40
77.06
1.6274
1.8868
0.854
0.1894 Wt. Fozmal 
Methyl Alcohol.
0.00
25.00
1.0
2.021
0.
0.3056
41.85
76.71
1.6217
1.8849
0.861
lithium Ion.
Hon Electrolyte !remperature A/ m
(Water Solution) 0.00
25.00
1.0
2.012
0.
0.3035
18.98
39.35
1.2783
1.5949
1.043
0.03864 Wt.
Formal Raffinose.
0.00
25.00
1.0
2.023
0.
0.3056
18.20
37.97
1.2600
1.5794
1.045
0.1067 Wt.
Formal Raffinose.
0.00
25.00
1.0
2.049
0.
0.3129
16.97
35.74
1.2297
1.5532
1.034
0.1894 Wt.
Formal Raffinose.
0.00
25.00
1.0
2.084
0.
0.3189
15.54
32.83
1.1914
1.5163
1.020
0.03864 Wt.Formal 
Methyl Alcohol.
0.00
25.00
1.0
2.006
0.
0.3023
18.89
39.25
1.2762
1.5927
1.047
0.1067 Wt. Formal 
Methyl Alcohol.
0.00
25.00
1.0
2.012
0.
0.3036
18.63
39.06
1.2702
1.5917
1.059
0.1894 Wt. Formal 
Methyl Alcohol.
0.00
25.00
1.0
2.021
0.
0.3056
18.47
38.91
1.2665
1.5900
1.059
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Chloride Ion.
Bon Electrolyte Temperature //.
"fa /of Ao
m
(Water Solution) 0.00
25.00
1.0
2.012
0.
0.3035
41.22
75.05
1.6151
1.8754
0.858
0.03864 Wt.
Formal Raffinose.
0.00
25.00
1.0
2.023
0.
0.3056
39.52
72.33
1.5968
1.8593
0.859
0.1067 Wt.
Formal Raffinose.
0.00
25.00
1.0
2.049
0.
0.3129
36.55
67.76
1.5630
1.8310
0.857
0.1894 Wt.
Formal Raffinose.
0.00
25.00
1.0
2.084
0.
0.3189
33.26
62.47
1.5220
1.7957
0.858
0.03864 Wt.Formal 
Methyl Alcohol.
0.00
25.00
1.0
2.006
0.
0.3023
41.09
74.75
1.6137
1.8737
0.860
0.1067 Wt. Formal 
Methyl Alcohol.
0.00
25.00
1.0
2.012
0.
0.3036
40.70
74.14
1.6096
1,8700
0.858
0.1894 Wt. Formal 
Methyl Alcohol.
0.00
25.00
1.0
2.021
0.
0.3056
40.15
73.59
1.6037
1.8668
0.861
8. The Change of the Transference numbers with Change of Fluidity.
The transference numbers of the caesium and lithium 
ions calculated from the conductance data for the raffinose and
Amethyl alcohol solutions are given in Tables XVI and XVII. Millard^ 
in his investigation of the transference number of the lithium ion 
at 25° by the Hittorf method obtained the value 0.322 for a concen­
tration of approximately 0.05 fl lithium chloride. This value,he 
found, was not altered by the addition of as much as 0.40 formula 
weights of raffinose per 1,000 gms. of water. This addition of non­
electrolyte increased the viscosity by 58$. He found, however, that 
the addition of 0.40 formula weights of methyl alcohol decreased 
the value of the transference number to the value 0.306. The
# The Hydration of Ions and the Influence of Viscosity on the 
transference number of Lithium Chloride. E. B. Millard. Thesis 
submitted in partial fulfillment of the requirements for the degree 
of Doctor of Philosophy in the Graduate School of the University of 
Illinois (1914).
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results of the present investigation are in harmony with Millard's 
results for raffinose solutions but do not confirm his observed 
decrease in the transference number in the methyl alcohol medium.
The variatiors which appear in tables XVI and XVII are all in the 
direction of increasing values of the transference number with 
increasing viscosity. The changes are all small (less than Vfo), 
probably too small to be significant. The results rather point 
to the conclusion that the transference numbers of both the caesium 
and lithium ions are not appreciably altered by changes of viscosity 
due to the addition of either raffinose or methyl alcohol.
Table XVI.
The Transference numbers of the Caesium and Lithium Ions 
Calculated from the Conductance Data for the Raffinose 
Solutions.
Caesium Ion 
Temperature 0°.
Relative A A + nPlui di ty. °CsC/ °Cs +
1.0000 84.3 43.08 0.511
.9409 80.7 41.18 0.510
.8412 74.65 38.10 0.510
.7350 67.9 34.64 0.510
Temperature 25°.
1.0000 152.5
.9469 146.9
.8601 137.6
.7620 126.7
77.45 0.508 
74.57 0.508 
69.84 0.508 
64.23 0.507
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Lithium Ion. 
Temperature 0°.
Relative /f A nFluidity. •n et '» L , +
1.0000 60.2 18.98 0.315
.9409 57.7 18.20 0.315
.8412 53.52 16.97 0.317
.7350 48.8 15.54 0.318
Temperature 25°.
1.0000 114.4 39.35 0.344
.9469 110.3 37.97 0,344
.8601 103.5 35.74 0.345
.7620 95.5 32.83 0.344
Table XVII.
The Transference Numbers of the Caesium and Lithium Ions 
calculated from the Conductance Data for the Methyl Alcohol 
Solutions.
Caesium Ion. 
Temperature 0°.
Relative A /\ „ * nFluidity. “Csc/
1.0 84.3 43.08 0.511
0.9965 84.0 42.91 0.511
0.9868 83.1 42.40 0.510
0.9755 82.0 41.85 0.510
Temperature 25°.
1.0 152.5 77.45 0.508
0.9965 152.0 77.25 0.508
0.9903 151.2 77.06 0.510
0.9830 150.3 76.71 0.510
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Lithium Ion. 
Temperature 0°.
Relative A A , nFluidity. •hct • nf
1.0 60.2 18.98 0.315
0.9965 59.98 18.89 0.315
0.9868 59.3 18.63 0.314
0.9755 58.6 18.47 0.315
Temperature 25°.
1.0 114.4 39.35 0.344
0.9965 114.0 39.25 0.344
0.9903 113.2 39.06 0.3450.9830 112.5 38.91 0.346
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V. Conclusion.
1. The Applicability of Stokes' Law.
It has already been shown (on page 7) that Stokes' 
Law when assumed to apply to the motion of an ion in a solution 
leads to the relation
A, * A + J- )
-Ay
where A0 is the equivalent conductance at infinite dilution of the 
electrolyte, e is the charge on an ion,?? is the viscosity and /  
is the fluidity of the medium and /? and r2 are the radii of the 
ions. According to this relation, the equivalent conductance at 
infinite dilution should vary in direct proportion to the fluidity. 
This is not true for we have seen that the conductances in several 
cases are not even approximately proportional to the fluidity.
It is very likely unjustifiable to assume that the radius of an 
ion remains constant while the conditions within the solution are 
varying. It is quite conceivable that the addition of 0.2 
molecular weight of raffinose to 1000 grams of water will alter 
the degree of hydration of the ions present particularly if the 
ions are rather highly hydrated. But if the activity of the water 
is decreased the same amount by the addition of 0.2 molecular weight 
of methyl alcohol instead of raffinose, the hydration of the ions 
present should be affected to the same extent. Yet the conductiv­
ity is decreased in proportion to about the 0.7th power of the flu­
idity change in the first case and to the first power in the latter 
ease. Such a large change in the degree of hydration under two
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such similar conditions seems hardly possible. It is more probable 
to conclude that the discrepancy arises from trying to fit a re­
lation to a set of conditions where it does not apply. The obser­
vations of Millikan (of page to) are evidence in support of this 
conclusion, for if his oil-drops were too small to make applica­
tion of the law valid, it is altogether improbable that the law is 
true for ions which are of the same order of magnitude as the sol­
vent molecules.
2. Review of the Methods for the Correction of Conductance Data.
Two methods which have been used for the correction 
of conductivity data for the effect of viscosity depend on the 
validity of the relation
If f is the relative fluidity of a solution, then A has the value 
of Aa measured in the medium when it has the same fluidity as the 
pure solvent i.e., it is the ordinary conductivity at infinite 
dilution. We will represent this by . The above equation then 
becomes Aa a, /W. Considering a solution of a salt of the type KA, 
let the fluidity at some concentration be f- , the degree of ioni­
zation be y and the conductance be +a * At zero concentration
K A
a,' - a„k t a 'Ca . If the fluidity is changed from unity to / then 
becomes a . f  = A e and°K J K
^  - TA.J-'
* \ f ”A
By ac/Jinj ak +Aa . V ( /  '”* + A^ ^
90
Unc/ -
<
. ____Ax A_____
'fm
If the exponent for the ions is always unity then
Y Aof
A. 7?  
/!„ (
This is the formula commonly used for the calculation of the de­
gree of ionization in solutions where the viscosity has become 
appreciably different from that of pure water. As has been shown, 
it rests on the assumption that the exponent m  for all ions is 
unity or that the mobility of the ions changes linearly with the 
fluidity. The results of this investigation have demonstrated 
that the exponent for all ions is not unity. For changes in flu­
idity due to temperature, the exponent is appreciably different 
for the various ions and the values are almost all less than one. 
For changes due to the additon of non-electrolytes, the exponents 
can have values much different from unity. To say therefore that 
the exponent is unity for all ions in all cases where the fluidity 
change is due to the presence of an electrolyte is to make an as­
sumption which is very improbable indeed and which is directly 
contradicted by all the evidence which we have on this point. The 
probability is that in most cases this will not be true. There is 
certainly no logical basis for correcting conductivity data in 
direct proportion to the viscosity although it may so happen that 
this procedure will approximate to the truth for a considerable 
range of concentration above that at which the viscosity effect 
becomes appreciable.
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If the effect of viscosity on the mobility of a given ion 
were constant, independent of the way in which the viscosity is 
ehaiiged, then by experiment, a value for the exponent could be as­
signed to each ion and the degree of ionization calculated by 
means of Equation 1. The work of Green and of Johnston seemed to 
indicate that this could be done and Washburn has shown how, as a 
result, the conductivity ratio could be corrected. However, the 
exponent is not a constant independent of the way in which the vis­
cosity is chahged and although the mobility of the ions probably 
are related to the fluidities when the fluidity is varied by the 
addition of electrolytes by the same general exponential function 
there is no means of getting at the value of m  for the ions under 
these conditions. If the relation between the value of the expon­
ent and the size of the molecules causing the change in the fluidity
(of page 7 s ) can be given a simple mathematical expression, it may
be possible to determine /t? in the cases where the fluidity change 
is due to the molecules of a strong electrolyte.
Kraus, as has been mentioned in the introductory pages, 
corrects conductivity data in direct proportion to the viscosity, 
applying the correction to the conductance of both ions or to that 
due to one ion according as the case demands in order to get data 
which will harmonize with Storch’s Dilution Equation. Thus, in­
stead of first securing correct conductance data and then finding 
the proper function to represent its relation to the concentration, 
the procediire is reversed. Kraus uses Lithium Chloride as an ex­
ample of the electrolytes where it is necessary to separate the
conductances due to the two ions and correct only for one. The 
justification given is that the lithium ion is very large on
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account of hydration and that consequently the decrease in mobility 
which it experiences due to changes in viscosity is so large in 
comparison to the decrease in the mobility of the chloride ion 
that the effect on the latter may be neglected. If the mobility 
of the lithium ion changes much faster than that of the chloride 
ion with change in viscosity, it necessarily follows that the 
transference number of lithium chloride will show wide variation 
over a viscosity range of any extent. Yet the transference 
number of this salt is hardly affected by an increase of 25$ in 
the viscosity by the addition of raffinose. Millard failed to 
notice any change in the transference number by the Hittorf 
method of measurement over a still larger range and his results 
are confirmed by the results of the present investigation. It 
is true that the transference number of lithium chloride changes 
a great deal according to the concentration of the solution in 
vtfcich the measurements are made but in view of the above results 
this would seem not to be due to the effect of viscosity.
In view of the great probability that Stokes’ Law does 
not apply to the conditions involved in the motion of an ion 
through a solution, conclusions drawn regarding the hydration of 
the ions by the use of this law cannot be given any weight.
It is apparent that all methods which have been so far 
used for correcting or interpreting conductivity data for 
solutions of strong electrolytes at concentrations high enough 
to cause significant changes in the viscosity have no sound 
theoretical foundation but instead are based on assumptions which 
have not borne the test of experiment. The range of concentration 
over which these methods may be used before serious deviations
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from the truth arise probably varies with the circumstances but in 
all cases it is indeterminate.
VI . . Summary.
A method for preparing and handling dilute solutions 
for conductance measurements has been described whereby con­
tamination from contact with the air of the laboratory is greatly 
reduced.
The /to values at 0° and 25° for KC1, LiCl, and CsCl 
have been determined from measurements at concentrations between
0. 0005.H and 0.0025 H in water, in water containing raffinose at 
three concentrations and in water containing methyl alcohol at the 
same weight formal concentrations as the raffinose.
The fluidities of the methyl alcohol solutions at 0° 
and 25° have also been measured.
The following results have been established: -
1. The conductances, ab , at infinite dilution of the salts investi­
gated as well as the conductances of the various ions are related 
to the fLuidity f  of the medium by the simple exponential function
A0- * /
2. The value of the exponent n? for a given ion is not a constant 
but varies according to the manner in which the fluidity of the 
medium is changed.
3. The transference number of LiCl, as determined by the conductance 
data is not appreciably changed by the addition of raffinose.
4. Stokes’ Law does not hold for the motion of an ion through a 
solution.
5. All methods so far proposed for the correction of conductivity
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data for strong electrolytes for the effect of viscosity are 
wrong in principle and cannot give correct results except by 
chance.
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